Abstract -Analysis of mtDNA markers in a population of the Nogays ( n = 206), the people inhabiting the North Caucasus and speaking a Turkic language of the Altaic linguistic family, has revealed a high level of genetic diversity (H = 0.99). The identified haplotypes include all major West Eurasian haplogroups, with the prevalence of H and U clusters (22 and 21%, respectively), but the percentage of lineages specific for East Eurasian populations is the highest (40%). Some other mtDNA variants in the Nogay population belong to the M1 haplogroups typical of northeastern Africa and U2 characteristic of Indian populations. Thus, components of different origin have contributed to the gene pool of Nogays.
The ethnic and linguistic diversity of populations in the Caucasus, at the boundary of Europe and Western Asia, is high. The peoples of this region belong to four major linguistic groups (North-Caucasian, Kartvelian, Indo-European, and Altaic) and speak approximately 50 local languages. In addition, the Transcaucasian and North Caucasian populations have their original ethnic history. Hence, the Caucasus as a whole and its individual regions are important and interesting objects for studying the influence of linguistic diversity and geographic segregation on the genetic differentiation of peoples and the topology of their phylogenetic tree.
The genetic structure of the Nogays, the people speaking a Turkic branch of the Altaic linguistic family, is the least studied. They have descended from various Turkic and Mongolian tribes that belonged to the ulus (province) of the Golden Horde temnik (governor) Nogay, merged with the Turkic-speaking Polovtsy (Kipchaks), and adopted their language. The Nogay Horde diverged from the Golden Horde by the end of the 14th century. Numerous tribes of the Nogay Horde migrated over the regions located east and west of the Volga River, including the North Caucasian steppes where they now live [1] .
The ethnic history of North Caucasian peoples is a product of complex migrational and cultural processes that took place not only in their native land, but also in the neighboring Kazakhstan, Middle Asia, Volga and Ural regions, Southern Siberia, and Transcaucasia. This fully applies to the Nogays. The medieval peoples who constituted their ethnic core belonged to various lineages and tribes. Interacting with each other, they formed new tribal associations and consolidated into a community of Eurasian people with a unique and diverse ethnic composition. Individual nationality groups-Kazakhs, Uzbeks, Kirghiz, Kara-Kalpaks, Bashkirs, Tatars, and others-have many common features in their history and composition [1] .
The purpose of this work was to study the mitochondrial lineages of the Nogays and compare them with data on other peoples of the Caucasus and of Europe and Asia. Khalk, Erken-Shakhar, Adil'-Khalk, and Ikon-Khalk). Blood samples were taken after a medical examination from adults, who were informed about the purposes of population genetic studies. Ethnic affiliation was determined by questioning, taking into account the nationality through three generations. DNA was isolated from the peripheral blood by conventional phenol-chloroform extraction. The hypervariable segment I (HVSI) of the mtDNA reference region was amplified using primers A15909 and B16498, which was followed by the sequencing of a fragment between positions 16,024 and 16,400 bp. Primers H15975 and F16420 from the DYEnamicTM ET terminator cycle sequencing premix kit (Amersham) were used. DNA haplogroups were determined using RFLP analysis with restriction endonucleases shown in Table 1 . MtDNA mutations were numbered according to the Cambridge reference sequence (CRS) [2] . The parsimony and reduced median network methods were used to accurately determine the phylogenetic relationships between haplotypes within the entire Nogay sample [3] .
EXPERIMENTAL

RESULTS AND DISCUSSION
At the end of the 20th century, the main specific types of mtDNA were described and its mutations were determined, which made it possible to classify human haplogroups [4] [5] [6] . The nomenclature of Eurasian mtDNA lineages is based on the combined data on polymorphism of both reference and coding mtDNA regions (Fig. 1 ) [7] [8] [9] . The diversity of mtDNA haplogroups in the ethnic group of Nogays ( n = 206) has been characterized in this study. The phylogenetic tree of mtDNA lineages of the Nogay population is based on the HVSI polymorphism of the mtDNA reference region and on RFLP analysis of the coding mtDNA region (Fig. 2) . Table 2 shows the frequencies of haplogroups in the Nogay population and some other populations of the world, including the Caucasus.
Both West and East Eurasian haplogroups of the Nogays population are highly diverse, which is an important feature of the Nogay gene pool. No founder effect is observed (except for haplogroup U3), indicating that numerous populations carrying different sets of both West and East Eurasian mtDNA variants have been involved in the formation of the Nogay population.
In Nogays, the frequencies of H and U clusters are the highest (22 and 21%, respectively). The frequency of haplogroup H is known to be high in West and North Europe (40-50%); medium frequency (20-40%) in the southern and southwestern parts of the continent, North Africa, East Europe, and Turkey; and low (less than 20%) in the Near East, India, and Central Siberia. Haplogroup H is assumed to have originated in the Near East 25,000-30,000 years ago [6] . In Nogays, haplogroup H occurs with a medium frequency and has a relatively high diversity of lineages, some of which have been found in other Caucasian populations. This cluster reflects a well-defined "starshaped" phylogeny. A comparison of the frequency of this haplogroup in the Nogays and other Caucasian populations has shown that it is somewhat lower in Georgians and southern Ossetians but higher in Armenians and Adygeis (Table 2 ) [10] . MtDNA variation has also been studied in some Caucasian populations [11] , but the topology of mitochondrial lineages is not presented in this work, and we cannot compare it with our results. In general, cluster H dominates in all populations of the Caucasus and Europe. A subcluster of BERMISHEVA et al .
MtDNA lineages typical of East Eurasia
MtDNA lineages typical of West Eurasia haplogroup H with transitions at positions 16,293 and 16,311 was identified in the Nogays as well as in Europeans, whereas other peoples of the Caucasus and East Mediterranean area, including Turks, lack this subcluster [10, 12, 13] . These markers are rare in Europe (except for Estonia) [10, 14, 15] . Expansion of this sublineage began approximately 5200 ± 1700 years ago, i.e., in the Late Neolithic. On the other hand, the mtDNA lineages of H8 subgroup with substitutions at positions 16,288 and 13100 in the Nogays is evidence for the influence of Near East populations on the formation of their gene pool.
The phylogeography of haplogroup V and its pre-V "precursor" was recently described in detail by Torroni et al. [16] . This haplogroup is widespread throughout Europe, including its eastern part (with a medium frequency), so that its occurrence in the Nogays is quite natural. At the same time, the Adygeis and the populations of Central Asia speaking Turkic languages lack this haplogroup.
Cluster U has been identified in Europeans, Indians, and populations of sub-Sahara [8, 17, 18] . As determined from the minimum time of divergence, this group is ancient [9, 14] and included several haplogroups (U1-U8) that make up about 7% in the European populations. The frequency of cluster U is approximately equal in the Nogays, Ossetians, Armenians, and Adygeis. In the Nogays, however, the level of diversity of U subclusters is higher, and they differ from U subclusters of other Caucasian populations (Table 2) [9, 10] .
The absolute frequency of haplogroup U3 is high (5.3%) in both the entire sample of Nogays and in cluster U proper (30%), although this haplogroup has a low level of diversity with one dominant haplotype.
At the same time, U3 is extremely rare in the populations inhabiting the Volga-Ural region [19] and Central Asia [12] , as well as in Russians [20, 21] and peoples of the Caucasus [10] . However, a phylogeographic analysis of these lineages clearly shows that the substitution at position 16,168 is often observed in populations of the Caucasus and Near East, whereas transition 16,390 occurs in the Near East and Georgia [10] .
The U5 haplogroup prevails in the Saami (53.8%) and is frequent in other European populations [15, 22] . The frequency of this haplogroup in the Nogays (2.9%) is similar to that in the Armenians, Ossetians, and Georgians [10] . The haplotype with substitutions at positions 16,144, 16,189, and 16,270, which is encountered in the Saami, Finns, and Karels with respective frequencies of 37.4%, 2%, and 6% [15, 22] , has been identified in the Nogays only once.
As shown previously, the highest frequency of haplogroup U4 is characteristic of trans-Ural Bashkirs and Chuvash inhabiting the Volga-Ural region [19] and of Georgians in the Caucasus [10] . Among the Nogays, the frequency of haplogroup U4 is low (1.9%). This haplogroup has not been identified in Iran among Kurds and Ossetians, i.e., among Indo-Iranian peoples.
The frequency of haplogroup U1 in the Nogays is higher than in Europe, India, and Ethiopia and similar to that in the Turks and Altais [18] .
The Iranian-speaking and more ancient pre-Iranian-speaking groups, to which the Ossetians are most closely related anthropologically, were the basic component of all nomadic populations of Eurasian steppes. With respect to the Nogays, the role of IndoIranian tribes in their formation is still debated. In our sample, we have found haplogroup U7 with a typical transversion at position 16,318. The frequency of this haplogroup in East Europe [19] and Central Asia [12] is as low as 0.3%, whereas it has a high frequency in Iran and India [18] , which confirms the role of the Indo-Iranian component in Nogay ethnogeny.
Thus, we have found that the diversity within the U cluster in the Nogays is higher than in Europeans.
Haplogroups T and J, which have a common substitution at position 16,126, stem from the Near East. They diverged approximately 25,000 and 42,000 years ago, respectively [14] . Their respective frequencies in the Nogays are 4.4% and 2.9%. One sublineage of haplogroup J (16,063) is related to the Bulgarians, and another one (16, 187) , to the Armenians and Georgians.
During the mid-16th century, most tribes of the Nogay Horde became vassals of the Moscow principality, which led to close relations between the Nogays and Slavs in the following period. This might explain the fact that the entire set of mtDNA lineages characteristic of the European populations occurs in the Nogays with a frequency exceeding 50%. On the other hand, the prevalence of West Eurasian mtDNA [12, 26] Kirghiz (92) [12] Uigurs (99) [12, 26] Mongols (103) [25] Bashkirs (221) [19] Turks (218) [9] Azerbaijanis (48) [ lineages in the Nogay gene pool might stem from the time when the Turkic-speaking Pechenegs and Polovtsi invaded the North Caucasus: these people, as well as the Khazars who already lived in this region, had probably assimilated some Indo-Iranian-speaking nomadic populations of the steppe zone. The East Eurasian lineages typical of the indigenous populations of Siberia, Mongolia, and China occur among the Nogays with a fairly high frequency (about 40%) [23] [24] [25] [26] [27] . In East Eurasia, the mtDNA lineages fall into two clusters, M or N, which originate from the African cluster L3 [7] . In Asia, approximately 55% of East Asian and Siberian mtDNA markers contribute to the M superhaplogroup, which includes the related clusters C, Z, G, D, E, and others. The remaining East Eurasian mtDNA lineages contribute to the A, B, F, Y, and N9 haplogroups. The frequency of the M haplogroup and its subhaplogroups is extremely low in Europe (about 1.65%). It has been shown previously that at most 6% of Saami and about 2% of Finn mtDNAs are members of the Asian M superhaplogroup, which indicates that the Mongoloid component prevails in West Europe [15, 22] . A recent analysis of the Volga-Ural populations has shown that in some of them, for example in the Turkic-speaking Bashkirs and Udmurts belonging to the Finno-Ugric language family, the frequency of East Eurasian lineages is as high as 42 and 21%, respectively [19] . Macrocluster N is common to European and Asian populations.
In the Nogays, the frequency of haplogroup M (29%) is much higher than in other peoples studied in the Caucasus [10] . It should be emphasized that our sample proved to include only one variant of the M1 haplogroup with transitions at positions 16,189, 16,223, 16,249, and 16,311 , which is specific for the inhabitants of northeastern Africa. This motif is rare in the Mediterranean and Near East [13] and has been identified in single cases among the Ossetians, Georgians, and Kirghiz [10, 12] . At the same time, the variants of haplogroup U6 contributing to the U cluster typical of Eurasians have not been found in the Nogays. These data can provide a deeper insight into the pathways of ancient migration to eastern and northeastern Africa and the place of M1 haplogroup origin.
Among the peoples studied in the Caucasus, the M8 and M10 lineages were found only in the Nogays. The high frequency of the C, G, and D subhaplogroups and a lower frequency of the F, B, A, and Z haplogroups are also characteristic of the Nogays. Note that both the frequency of East Eurasian haplogroups and individual mtDNA lineages are similar in the Nogays, Kazakhs, and Bashkirs [12, 19, 26] .
The maximum frequency of haplogroup C, a branch of cluster M, is characteristic of the Evenki and Yukagir (50%) [28] . This haplogroup is frequent in populations of North Siberia (30%) and less frequent (10%) in the Chukchi, Eskimos, and Itelmen in the east; Kazakh and Mongols in the south, and Selkup and Ket in the west [24, 27] . In the Turkic-speaking populations of the Volga-Ural region, the frequency of this haplogroup decreases from 11.8% in the Bashkir to 1.8% in the Tatar and Chuvash [19] . In the Caucasus, haplogroup C is most widespread among the Nogays, and its frequency is similar to that among the Bashkir (Table 2) , which confirms once again that these two peoples are closely related [29] .
The C haplogroup has a "sister" group Z, which occurs with the highest frequency in the Evenki, Kazakh, and Chinese (26, 8 , and 8%, respectively). The Evenki, Ket, Selkup, Buryat, Tuvin, and populations of the North Caucasus lack haplogroup Z, whereas some Finno-Ugric populations, the Udmurt and Saami, do have this haplogroup [12, 15, 19, 22] . In the Nogays, we have identified haplogroup Z in 2.4% of cases. Among Turkic-speaking populations, a low frequency of this haplogroup has been determined in the Bashkirs, Tatars, and Kirghiz [19] .
In the Nogays, the frequency of haplogroup D (7.8%) is the second highest among East-Eurasian haplogroups. This haplogroup is common in the Mongols and Siberian populations (30,1 and 13%, respectively) but rare in the populations of Southeastern Asia. In the Caucasus, this haplogroup has been revealed only in North Ossetia and Georgia, where its frequency is low [10] .
Note that we have identified the F haplogroup in the studied sample of Nogays. This haplogroup is typical of Southeastern Asia, Altai, Kazakhstan, and Mongolia, but not of East Europe except for Hvar Island in Croatia [30] and Bashkir populations of the Volga-Ural region [19] . However, the high frequency of the F haplogroup in the last two cases can be explained by the founder effect under conditions of isolation.
The presence of the A haplogroup outside Northern and Eastern Asia and America has not been reported so far [4] . The frequency of this haplogroup in the studied sample of Nogays was 5.3%. In addition, the frequency of haplogroup B was 1.5% in this population. Haplogroup B has previously been identified in southern Siberia among the Buryat, Tuvin, and Altai [23] and, with a high frequency, in Mongolia [25] . These populations are regarded as ancestral to the B haplogroup-carrying populations of native Americans. This haplogroup occurs with a fixed frequency in the populations of Polynesia and New Zealand. Among peoples of the Caucasus, it has been identified in only one Armenian out of 192 examined individuals [10] .
The first stage in the evolution of the Nogay population was connected with the ancient Turkic tribes (the 6th-8th centuries). In the Middle Ages, the tribes of the Pecheneg union (the 9th-11th centuries), the Kipchak union (the 11th-13th centuries), the Golden Horde (the 13th-15th centuries), and the Nogay Horde (the 11th-17th centuries) contributed to this process [1] . Apparently, this is why the mtDNA haplotypes typical of Central Asia, Siberia, and Mongolia have been identified in this study. The presence of U7 lineages in the Nogays confirms the fact that, along with Turkic-speaking tribes, the Nogay Horde included Indo-Iranian populations presumably related to the Usuni-Uisuni. The descendants of ancient Uisuni who inhabited the Seven-River Land between the 3rd century B.C. and 5th century A.D. are currently encountered among the Nogays. Nogay ethnogeny involved interrelations with not only the Turkic world, but also with other neighbors inhabiting the steppes of southern Russia, the Volga region, the Crimea, and the North Caucasus, which is reflected in the gene pools of many people [1] . In particular, this fact may account for the diversity of West Eurasian mtDNA lineages characteristic of the Nogays.
Thus, the level of diversity of mtDNA haplotypes and the corresponding haplogroups in the sample of Nogays is very high. According to the results of clustering, most mtDNA types in the Nogays belong to haplogroups characteristic of West Eurasian populations. The high frequencies of the C, G, D, A, B, and F haplogroups indicate the involvement of Siberian and Central Asian components into Nogay ethnogeny. Among all peoples studied in the North Caucasus, the Nogays have the highest frequency of East Eurasian lineage markers. In addition, they carry mtDNA lineages similar to those of Indian populations. An explanation of this fact can be found in the ethnic history of Nogays. They belong to the Turkic world and cannot be considered apart from their neighbors, with whom the Nogays have been in direct contact for many centuries.
